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Aim To perform an efficiency study of three new amplifi-
cation kits with the extended European Standard Set (ESS) 
of loci for autosomal short tandem repeat (STR) typing 
of skeletal remains excavated from the World War II mass 
graves in Slovenia.
Methods In the beginning of the 2011, we analyzed 102 
bones and teeth using the PowerPlex ESX 17 System (Pro-
mega), AmpFiSTR NGM PCR Amplification Kit (Applied Bio-
systems), and Investigator ESSplex Kit (Qiagen). We cleaned 
the bones and teeth, removed surface contamination, and 
ground them into a powder using liquid nitrogen. Prior to 
DNA isolation with Biorobot EZ1 (Qiagen), 0.5 g bone or 
tooth powder was decalcified. Nuclear DNA of the samples 
was quantified using real-time polymerase chain reaction. 
All three kits used the same extract with the amplification 
conditions recommended by the manufacturers.
Results We extracted up to 131 ng DNA/g of powder from 
the bones and teeth. All three amplification kits showed 
very  similar  efficiency,  since  DNA  typing  was  success-
ful with all amplification kits in 101 out of 102 bones and 
teeth, which represents a 99% success rate.
Conclusion The commercially available ESX 17, ESSplex, 
and NGM kits are highly reliable for STR typing of World 
War II skeletal remains with the DNA extraction method 
optimized in our laboratory.
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DNA typing of bone and tooth samples has been success-
fully used in anthropological studies and forensic identifi-
cation analysis (1,2). Nuclear DNA is the preferred genome 
of amplification for forensic purposes as it is individually 
specific and provides bi-parental kinship information (3). 
The success of DNA typing in old bones and teeth is often 
limited by small amounts of endogenous DNA, presence 
of polymerase chain reaction (PCR) inhibitors, DNA degra-
dation, and an exceptional risk of contamination (4-6). Mi-
tochondrial DNA testing has been regularly employed in 
the forensic identification of aged skeletal remains (7-10). 
Recently, some articles have reported a successful typing 
of nuclear short tandem repeats (STR) from ancient mate-
rial using an increased number of cycles (11-18). In 2009 
and 2010, new amplification kits were developed to meet 
the European Network of Forensic Institutes and the Euro-
pean DNA Profiling group recommendations for increas-
ing the European Standard Set (ESS) of loci to improve its 
discrimination power and to fulfill the increasing require-
ments  regarding  sensitivity  and  reproducibility  for  the 
analysis of minute amounts of DNA by adopting five addi-
tional mini-STRs: D2S441, D10S1248, D22S1045, D1S1656, 
and D12S391 (19,20). Some validation, concordance, and 
population studies (21-28) have been published for new 
amplification  kits  with  the  extended  ESS  of  loci.  It  was 
shown that the new kits are robust enough to genotype 
degraded DNA samples through the use of mini STR loci 
and have increased tolerance to common inhibitors and 
increased sensitivity to obtain full profiles from low-level 
DNA samples from casework (27,29,30). However, no study 
has been performed using new amplification kits on old 
skeletal remains. We attempted to obtain autosomal STR 
profiles from the World War II bones and teeth with three 
new commercially available amplification kits with the ex-
tended ESS of loci using the PCR protocols recommended 
by the manufacturers without increasing the number of 
cycles or any other modification of protocols.
MaTerIals and MeThods
This study analyzed 102 bones and teeth excavated from 
five World War II mass graves in Slovenia. The Commission 
on Concealed Mass Graves in Slovenia has recently regis-
tered almost 600 hidden mass graves from that period (31). 
There is no precise data on the number of Yugoslav com-
munist armed forces victims in Slovenia but the number 
of missing persons could be as high as 100 000. We ana-
lyzed the bones and teeth from the Konfin I (13), Konfin II, 
Storžič (14), Bodoveljska Grapa, and Mozelj mass graves. 
From Konfin I mass grave, we analyzed 57 femurs 
and 12 tibias and from Konfin II 17 teeth (12 molars and 5 
premolars). From Storžič grave, we analyzed 3 femurs and 1 
molar, from Bodoveljska Grapa 10 femurs, and from Mozelj 
grave 2 femurs. A total of 84 bone samples (72 femurs and 
12 tibias) and 18 tooth samples were evaluated.
We performed a comparative analysis of DNA preservation 
in skeletal remains from different mass graves according to 
the results of quantification. Since femurs were typed for all 
mass graves except Konfin II, the comparison of DNA pres-
ervation in femurs was made with four mass graves.
We followed the published recommendations to ensure 
the quality standards and to prevent contamination in the 
molecular genetics laboratory (17,32-37). In the case of an-
cient DNA, there are several main sources of contamination, 
including excavators and anthropologists who handle the 
remains, airborne contaminants from the laboratory, and 
contaminants present in laboratory reagents or on con-
sumable items (38). Therefore, we created an elimination 
database of STR genetic profiles for each mass grave that 
allowed traceability in the event of contamination. In the 
databases, we included everyone who had been in con-
tact with the skeletal remains in any phase of the working 
process (excavation, storage, anthropological analysis, or 
molecular genetic analysis). We also included extraction-
negative controls in every batch of extraction (usually 23 
samples) and PCR-negative controls in every amplification 
reaction to verify the purity of the extraction and amplifica-
tion reagents and plastics. In five batches of extraction, five 
extraction-negative controls were processed.
dna extraction
We collected buccal smears on sterile cotton swabs from 
persons included in the elimination databases. The bone 
and  tooth  samples  for  DNA  analysis  were  collected,  la-
beled, and photo-documented. For genetic investigations, 
a 5- to 10-cm fragment was taken from each femur and 
tibia. Thirteen molars and 5 premolars were removed from 
6 upper and 8 lower jawbones.
Bone samples were cleaned mechanically and chemically, 
while tooth samples were cleaned chemically and irradi-
ated with UV light for 2 × 30-minute with the tooth rotated 
180° between each exposure prior to grinding into a pow-
der. The bone surface was decontaminated by the physical 
removal of the surface using a rotary sanding tool (Dremel, 
Breda, the Netherlands) and liquid nitrogen. The bones 
and teeth were rinsed in 5% Alconox detergent (Sigma-Al-19 Zupanič Pajnič et al: Nuclear DNA typing of the World War II skeletal remains using three new autosomal STR amplification kits
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drich, St. Louis, MO, USA), water, and 80% ethanol. Grinding 
followed in a TissueLyser (Retsch, Haan, Germany) homog-
enizer using liquid nitrogen. The whole procedure was car-
ried out in a room designed exclusively for processing old 
skeletal remains. Mechanical cleaning was performed in a 
closed citostatic C-(MaxPro)3-130 (Iskra Pio) safety cabinet.
Genomic DNA was obtained from 0.5 g of bone or tooth 
powder according to Zupanič Pajnič et al (13,39). After 72 
hours of decalcification, we usually obtained a precipitate 
with incompletely decalcified bone powder. DNA was puri-
fied in a Biorobot EZ1 device (Qiagen, Hilden, Germany) us-
ing the EZ1 DNA Investigator Card and the EZ1 DNA Inves-
tigator Kit (Qiagen). The Biorobot EZ1 was used to obtain 
genomic DNA from decalcified bone and tooth precipitate 
using the large-volume protocol following the manufac-
turer’s instructions (40), and from the elimination database 
buccal swab samples using the “tip dance” protocol. The 
extraction-negative controls were included in the extrac-
tion process to verify the purity of the extraction reagents 
and plastics. The final volume of bone and tooth extracts 
was 50 µL, of which 2 µL was used for quantification, 17.5 
µL for amplification of the STRs with the PowerPlex® ESX 17 
System (Promega, Madison, WI, USA), 10 µL for amplifica-
tion with the AmpFlSTR® NGMTM PCR Amplification Kit (Ap-
plied Biosystems, Foster City, CA, USA), and 17.1 µL for the 
amplification with the Investigator ESSplex Kit (Qiagen).
dna quantification
The DNA extracts from all the bone and tooth samples 
were quantified using the QuantifilerTM Human DNA Quan-
tification Kit (Applied Biosystems). The reactions were car-
ried out in an ABI PRISM 7000 Sequence Detection System 
(Applied Biosystems) using the SDS software, version 1.0 
(Applied Biosystems) according to the manufacturer’s in-
structions (41).
autosomal sTr typing
STR typing of the autosomal DNA was performed for the 
bones  and  teeth  using  the  three  amplification  kits.  All 
these kits amplify 15 polymorphic STR markers (D1S1656, 
D2S441, D2S1338, D3S1358, D8S1179, D10S1248, D12S391, 
D16S539, D18S51, D19S433, D21S11, D22S1045, FGA, TH01, 
vWA) and sex-specific amelogenin simultaneously in a sin-
gle PCR. The ESX 17 also contains the SE33 locus. All three 
multiplex kits analyzed the same extract. The amplification 
protocols and thermal cycling conditions were in accor-
dance with the manufacturer’s instructions (42-44) using 
the ABI PRISM 7000 Sequence Detection System (Applied 
Biosystems). For the ESX 17, PCR reactions were performed 
with at most 17.5 µL DNA, and 1 ng of DNA was amplified 
for the samples with a concentration <60 pg/µL. For the 
NGM kit, PCR reactions were performed with at most 10 µL 
DNA, and 1 ng of DNA was amplified for the samples with 
a concentration <100 pg/µL. For the ESSplex kit, PCR reac-
tions were performed with at most 17.1 µL DNA, and 1 ng 
of DNA was amplified for the samples with a concentra-
tion <60 pg/µL. Simultaneously with the forensic samples, 
we amplified the positive control (Control DNA 9947A for 
the ESX 17 and NGM kit, and Control DNA XY13 for the ES-
Splex kit) and negative PCR controls, as well as the extrac-
tion negative controls where the maximum volume of ex-
tracts was used for amplification. The fluorescent-labeled 
products of the amplification kits were separated using 
10 seconds injection time and 3 kV injection voltage on 
an automatic ABI PRISMTM 3130 Genetic Analyzer (Applied 
Biosystems) using the 3130 Performance Optimized Poly-
mer 4 (Applied Biosystems) and the GeneScan-500 LIZ (Ap-
plied Biosystems) internal size standard with the NGM kit, 
CC5 Internal Lane Standard 500 (Promega) with the ESX 17, 
and DNA size standard 550 BTO (Qiagen) with the ESSplex 
kit. The genetic profiles were determined using the Data 
Collection, version 3.0 and GeneMapper ID version 3.2 (Ap-
plied Biosystems) computer software with a 50 relative flu-
orescence units peak amplitude threshold for all dyes.
STR typing was also carried out for persons who were in-
cluded in the elimination databases using the Identifiler or 
NGM kit (Applied Biosystems). Their genetic profiles were 
compared with those obtained from the bones and teeth 
to monitor possible contamination of the bone and teeth 
samples with modern-day DNA.
resulTs
We detected more than 23 pg DNA/µL of isolate from 66 
bones and teeth (Table 1), less than 23 pg DNA/µL of iso-
late from 35 bones and teeth, and no DNA from one fe-
mur (Table 1). We extracted up to 94 ng DNA/g of powder 
from the teeth, up to 26.4 ng DNA/g of powder from the 
tibias, and up to 131 ng DNA/g of powder from the femurs 
(Table 1).
The typing of autosomal STR loci with the ESX 17, ESS-
plex, and NGM was successful in all but one sample. In 
this bone sample, no detectable DNA was observed and 
all three STR typing kits failed to obtain the result at any 
locus. In 101 successfully typed bone and teeth sam-FORENSIC SCIENCE 20 Croat Med J. 2012;53:17-23
www.cmj.hr
Tooth/bone Quantity efficiency of sTr typing by
sample (pg/µl) esX 17 nGM essplex
tooth 1*   28 17/17 16/16 16/16
tooth 2*   57 17/17 16/16 16/16
tooth 3*   79 17/17 16/16 16/16
tooth 4* 272 17/17 16/16 16/16
tooth 5* 127 17/17 16/16 16/16
tooth 6* 116 17/17 16/16 16/16
tooth 7* 104 17/17 16/16 16/16
tooth 8*   65 17/17 16/16 16/16
tooth 9* below 23 16/17 14/16 16/16
tooth 10* 170 17/17 16/16 16/16
tooth 11* 363 17/17 16/16 16/16
tooth 12*   75 17/17 16/16 16/16
tooth 13* below 23 17/17 16/16 16/16
tooth 14* 294 17/17 16/16 16/16
tooth 15* 143 17/17 16/16 16/16
tooth 16* 107 17/17 16/16 16/16
tooth 17* 150 17/17 16/16 16/16
tooth 18† 940 17/17 16/16 16/16
tibia 1‡ below 23 15/17 10/16 14/16
tibia 2‡ below 23 17/17 16/16 16/16
tibia 3‡   55 17/17 16/16 16/16
tibia 4‡ 112 17/17 16/16 16/16
tibia 5‡   40 17/17 16/16 16/16
tibia 6‡   35 17/17 16/16 16/16
tibia 7‡ below 23 14/17   9/16 14/16
tibia 8‡ below 23 14/17 11/16 12/16
tibia 9‡   34 17/17 16/16 15/16
tibia 10‡ 264 17/17 16/16 16/16
tibia 11‡   24 17/17 16/16 16/16
tibia 12‡ 250 17/17 16/16 16/16
femur A ant‡ 383 17/17 16/16 16/16
femur B ant‡ below 23 17/17 15/16 15/16
femur C ant‡ 100 17/17 16/16 16/16
femur D ant‡   49 17/17 16/16 16/16
femur E ant‡   31 17/17 16/16 16/16
femur F ant‡ below 23 17/17 16/16 16/16
R femur 1‡ 114 17/17 16/16 16/16
R femur 2‡   27 17/17 15/16 16/16
R femur 3‡   60 17/17 16/16 16/16
R femur 4‡   23 17/17 16/16 16/16
R femur 5‡   35 17/17 16/16 16/16
R femur 6‡   30 17/17 16/16 16/16
R femur 7‡   50 17/17 16/16 16/16
R femur 8‡ below 23 17/17 15/16 16/16
R femur 10‡ below 23 17/17 16/16 16/16
R femur 11‡   59 17/17 16/16 16/16
R femur 12‡   75 17/17 16/16 15/16
R femur 13‡ below 23 17/17 16/16 16/16
R femur 14‡ below 23 17/17 11/16 15/16
R femur 15‡ 102 17/17 16/16 16/16
R femur 16‡ below 23 17/17 14/16 16/16
R femur 17‡ below 23 16/17 13/16 12/16
R femur 18‡ 1310 17/17 16/16 16/16
R femur 19‡   288 17/17 16/16 16/16
R femur 21‡   8 4 17/17 16/16 16/16
R femur 22‡   4 8 17/17 16/16 16/16
R femur 23‡   5 7 17/17 16/16 16/16
R femur 24‡   159 17/17 16/16 16/16
R femur 25‡ below 23 17/17 16/16 16/16
R femur 26‡   2 4 17/17 12/16 16/16
R femur 27‡   9 3 17/17 16/16 16/16
R femur 28‡ below 23 17/17 16/16 16/16
R femur 29‡ below 23 17/17 16/16 15/16
R femur 30‡ below 23 17/17 16/16 16/16
R femur 32‡   7 6 17/17 16/16 16/16
R femur 34‡   5 2 17/17 16/16 16/16
R femur 38‡   3 8 17/17 16/16 16/16
R femur 42‡ below 23 16/17 14/16 15/16
R femur 43‡ below 23 17/17 14/16 16/16
R femur 45‡ below 23 16/17 16/16 15/16
R femur 47‡   3 3 17/17 16/16 16/16
R femur 48‡ below 23 17/17 16/16 16/16
R femur 49‡   9 4 17/17 16/16 16/16
R femur 50‡   2 4 17/17 16/16 16/16
R femur 51‡   5 3 17/17 16/16 16/16
R femur 53‡ below 23 17/17 16/16 16/16
R femur 55‡   7 7 17/17 16/16 16/16
R femur 57‡   5 7 17/17 16/16 16/16
R femur 58‡   2 9 16/17 15/16 15/16
R femur 59‡   3 3 17/17 16/16 16/16
R femur 60‡   3 2 17/17 16/16 16/16
R femur 61‡ below 23 17/17 16/16 16/16
R femur 63‡   2 7 17/17 16/16 16/16
R femur 65‡ undetected   0/17   0/16   0/16
R femur 67‡   4 6 17/17 16/16 16/16
R femur 68‡ below 23 15/17 14/16 13/16
R femur 69‡   3 2 17/17 16/16 16/16
L femur 1† below 23 17/17 16/16 16/16
L femur 2†   3 4 17/17 16/16 16/16
L femur 3† below 23 17/17 16/16 16/16
L femur 1§   4 2 17/17 16/16 16/16
L femur 4§ below 23 16/17   8/16 13/16
L femur 5§ below 23 17/17 15/16 16/16
L femur 7§ below 23 17/17 14/16 16/16
L femur 9§ below 23 14/17   7/16 12/16
L femur 11§   3 6 17/17 16/16 16/16
L femur 14§   4 0 17/17 16/16 16/16
L femur 15§ below 23 17/17 16/16 16/16
L femur 16§ below 23 17/17 16/16 16/16
L femur 20§ below 23 16/17   9/16 15/16
R femur 4II below 23 17/17 16/16 16/16
R femur 5II   26 16/17 15/16 16/16
*Konfin II mass grave.
†storžič mass grave.
‡Konfin I mass grave.
§Bodoveljska Grapa mass grave.
IIMozelj mass grave.
TaBle 1. nuclear dna quantity (the QuantifilerTM human dna Quantification Kit), expressed in pictograms of dna per microliter of 
isolate, and the efficiency of autosomal short tandem repeats (sTr) typing (the PowerPlex® esX 17 system, the ampFlsTr® nGMTM 
PCr amplification Kit, and the Investigator essplex Kit), expressed as the number of successfully typed autosomal sTr in 102 World 
War II bones and teeth
Tooth/bone Quantity efficiency of sTr typing by
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ples, we obtained full profiles in 86% of the samples with 
the ESX 17 (with amplification product at all STR loci and 
amelogenin), 83% of the samples with the ESSplex, and 
78% of the samples with the NGM kit. We obtained par-
tial profiles for 13 out of the 102 bones and teeth using 
the ESX 17, 16 bones and teeth using the ESSplex, and 21 
bones and teeth using the NGM kit (Table 1).
Full ESX 17-STR genetic profiles were obtained from 62 
femurs, 9 tibias, and 17 teeth (Table 1). In 13 bones and 
teeth with partial profiles, the loci that were not ampli-
fied were primarily the longest loci D18S51, D16S539, FGA, 
or SE33. Full ESSplex-STR genetic profiles were obtained 
from 59 femurs, 8 tibias, and all 18 teeth (Table 1). In 16 
bones with partial profiles, the loci that were not amplified 
were primarily the longest loci D21S11, D2S1338, FGA, and 
D8S1179. Full NGM-STR profiles were obtained from 54 fe-
murs, 9 tibias, and 17 teeth (Table 1). In 21 bones and teeth 
with partial profiles, the loci that were not amplified were 
primarily the longest loci D2S1338, D18S51, and FGA.
Since we minimized the possibility of contamination dur-
ing genetic investigations, very low levels of exogenous 
DNA contamination were observed in some extraction-
negative controls and no contamination was noted in the 
PCR-negative controls for all three ESS STR amplification 
kits. The authenticity of the genetic profiles of the bones 
and teeth was confirmed by their mismatch with persons 
from the elimination databases and the identical genetic 
profiles obtained using the ESX 17, NGM, and ESSplex kit.
Femurs were less preserved in the Bodoveljska Grapa, Mo-
zelj, and Storžič grave and better preserved in the karst 
cave Konfin I (Table 1). More full profiles were obtained 
from teeth than from bones (up to 100% with ESSplex kit 
and up to 75% with ESX 17 and NGM). Among the long 
bones, more full profiles were obtained from femurs than 
tibias (up to 86% with ESX 17 and up to75% with ESX 17 
and NGM). We obtained full profiles for all the teeth with 
ESSplex kit and for 94% of the teeth with ESX 17 and NGM 
kits. We obtained full profiles for 86% of the femurs using 
ESX 17, 82% using ESSplex kit, and 75% using NGM kit. We 
obtained full profiles for 75% of the tibias with the ESX 17 
and NGM kit, and 67% with the ESSplex kit (Table 1).
dIsCussIon
The efficiency study indicated that commercially available 
ESX 17, ESSplex, and NGM kits were highly reliable for STR 
typing of World War II skeletal remains, since all three kits 
very often produced complete STR profiles of autosom-
al DNA. Typing of low-level DNA samples from casework 
with new ESS amplification kits also showed better results 
in comparison with older amplification kits (27,29,30).
The skeletons uncovered from Slovenian mass graves had 
undergone various levels of environmental insult due to 
the different environments they were exposed to, indicat-
ing that the environment seems to be an important factor 
of long-term DNA survival. Some of the bodies were bur-
ied in soil and some of them were thrown into karst caves. 
The temperature, humidity, pH and geochemical proper-
ties of the soil, and the presence of microorganisms affect 
the preservation of the DNA in skeletal remains (45). One 
of the key parameter of long-term DNA survival is the ther-
mal history of the sample and it was early recognized that 
a favorable factor are low mean annual temperatures (46). 
Accordingly, skeletal remains were best preserved in the 
karst caves. Teeth and femurs had better preserved DNA 
and showed better STR typing results than tibias. These 
findings are in concordance with those reported by Miloš 
et al (47), Misner et al (48), and Edson et al (49).
Advanced  extraction  and  purification  techniques  were 
found to be essential tools for obtaining sufficient DNA 
from bones and teeth uncovered from Slovenian World 
War II mass graves. We extracted up to 131 ng DNA/g of 
powder from the WWII bones and teeth. Extraction and 
purification  methods  using  the  EZ1  Biorobot,  together 
with more sensitive and robust new amplification kits with 
the ESS loci that are more tolerant to common inhibitors, 
allowed us to overcome the challenges associated with 
processing compromised skeletal remains and ultimately 
obtain STR DNA profiles in 99% of the bones and teeth. 
Only for one bone STR typing with new amplification kits 
failed. When dealing with old skeletal remains, all three kits 
can be used very successfully without any changes to the 
manufacturers’ PCR amplification protocols.
acknowledgment  We thank Katja Vodopivec Mohorčič for her contribu-
tion to cleaning and pulverizing bones and teeth, and to DNA extraction
Funding None.
ethical approval Not required.
declaration of authorship IZP planed the research, performed some ex-
perimental work, interpreted the data, and wrote the manuscript. BGP per-
formed some experimental work. JB performed some experimental work. 
TZ excavated some of the skeletal remains and performed some experi-
mental work. BŠ excavated some of the skeletal remains and performed 
some experimental work.
Competing interests All authors have completed the Unified Competing 
Interest  form  at  www.icmje.org/coi_disclosure.pdf  (available  on  request 
from the corresponding author) and declare: no support from any organi-
zation for the submitted work; no financial relationships with any organiza-FORENSIC SCIENCE 22 Croat Med J. 2012;53:17-23
www.cmj.hr
tions that might have an interest in the submitted work in the previous 3 
years; no other relationships or activities that could appear to have influ-
enced the submitted work.
references
1  Kolmann CJ, Tuross n. ancient dna analysis of human populations. 
am J Phys anthropol. 2000;111:5-23. Medline:10618586 
doi:10.1002/(sICI)1096-8644(200001)111:1<5::aId-
aJPa2>3.0.Co;2-3
2  Fisher dl, holland MM, Mitchell l, sledzik Ps, Wilcox aW, Wadhams 
M, et al. extraction evaluation and amplification of dna from 
decalcified and undecalcified united states civil war bone. J 
Forensic sci. 1993;38:60-8. Medline:8426158
3  lee eJ, luedtke JG, allison Jl, arber Ce, Merriwether da, steadman 
dW. The effects of different maceration techniques on nuclear dna 
amplification using human bone. J Forensic sci. 2010;55:1032-8. 
Medline:20384918 doi:10.1111/j.1556-4029.2010.01387.x
4  lee hY, Park MJ, Kim nY, sim Je, Yang WI, shin KJ. simple and 
highly effective dna extraction method from old skeletal remains 
using silica columns. Forensic sci Int Genet. 2010;4:275-80. 
Medline:20457067 doi:10.1016/j.fsigen.2009.10.014
5  anderung C, Persson P, Bouwman a, elburg r, Gotherstrom a. 
Fishing for ancient dna. Forensic sci Int Genet. 2008;2:104-7. 
Medline:19083805 doi:10.1016/j.fsigen.2007.09.004
6  Cattaneo C, Craig oe, James nT, sokol rJ. Comparison of three 
dna extraction methods on bone and blood stains up to 43 years 
old and amplification of three different gene sequences. J Forensic 
sci. 1997;42:1126-35. Medline:9397557
7  anslinger K, Weichhold G, Keil W, Bayer B, eisenmenger W. 
Identification of the skeletal remains of Martin Bormann by mtdna 
analysis. Int J legal Med. 2001;114:194-6. Medline:11296895 
doi:10.1007/s004140000176
8  stone aC, starrs Je, stoneking M. Mitochondrial dna analysis 
of the presumptive remains of Jesse James. J Forensic sci. 
2001;46:173-6. Medline:11210907
9  Palo Ju, hedman M, soderholm n, sajantila a. repatriation 
and identification of Finnish World War II soldiers. Croat Med J. 
2007;48:528-35. Medline:17696308
10  Jehaes e. Mitochondrial dna analysis on remains of a putative 
son of louis XVI, King of France and Marie-antoinette. eur J 
hum Genet. 1998;6:383-95. Medline:9781047 doi:10.1038/
sj.ejhg.5200227
11  Irwin Ja, edson sM, loreille o, Just rs, Barritt sM, lee da, et al. 
dna identification of ‘’earthquake McGoon’’ 50 years postmortem. 
J Forensic sci. 2007;52:1115-8. Medline:17645740 doi:10.1111/
j.1556-4029.2007.00506.x
12  Irwin Ja, leney Md, loreille o, Barritt sM, Christensen aF, holland 
Td, et al. application of low copy number sTr typing to the 
identification of aged, degraded skeletal remains. J Forensic sci. 
2007;52:1322-7. Medline:17944905
13  Zupanič Pajnič I, Gornjak Pogorelc B, Balažic J. Molecular genetic 
identification of skeletal remains from the second World War 
Konfin I mass grave in slovenia. Int J legal Med. 2010;124:307-17. 
Medline:20217112 doi:10.1007/s00414-010-0431-y
14  Zupanič Pajnič I. Molecular genetic identification of slovenian 
home guard victims [in slovenian]. Zdrav Vestn. 2008;77:745-50.
15  Marjanović d, durmić-Pašić a, Bakal n, haverić s, Kalamujić B, 
Kovačević l, et al. dna identification of skeletal remains from 
World War II mass graves uncovered in slovenia. Croat Med J. 
2007;48:513-9. Medline:17696306
16  lee hY, Kim nY, Park MJ, sim Je. Yang Wi, shin KJ. dna typing for 
the identification of old skeletal remains from Korean war victims. 
J Forensic sci. 2010;55:1422-9. Medline:20456584 doi:10.1111/
j.1556-4029.2010.01411.x
17  Vanek d, saskova l, Koch h. Kinship and Y-chromosome analysis 
of 7th century human remains: novel dna extraction and typing 
procedure for ancient material. Croat Med J. 2009;50:286-95. 
Medline:19480023 doi:10.3325/cmj.2009.50.286
18  Bogdanowicz W, allen M, Branicki W, lembring M, Gajewska 
M, Kupiec T. Genetic identification of putative remains of the 
famous astronomer nicolaus Copernicus. Proc natl acad sci 
u s a. 2009;106:12279-82. Medline:19584252 doi:10.1073/
pnas.0901848106
19  Gill P, Fereday l, Morling n, schneider PM. The evolution of dna 
databases-recommendations for new european loci. Forensic 
sci Int. 2006;156:242-4. Medline:16002250 doi:10.1016/j.
forsciint.2005.05.036
20  Gill P, Fereday l, Morling n, schneider PM. new multiplexes for 
europe amendments and clarification of strategic development. 
Forensic sci Int. 2006;163:155-7. Medline:16423481 doi:10.1016/j.
forsciint.2005.11.025
21  hill Cr, duewer dl, Kline MC, sprecher CJ, Mclaren rs, rabbach 
dr, et al. Concordance and population studies along with stutter 
and peak height ratio analysis for the PowerPlex® esX 17 and esI 17 
system. Forensic sci Int Genet. 2011;5:269-75. Medline:20457109 
doi:10.1016/j.fsigen.2010.03.014
22  Yurrebaso I, ajuriagerra Ja, alday a, lezama I, Perez Ja, romon 
e, et al. allele frequencies and concordance study between 
the Identifiler and the esX 17 system in the Basque Country 
population. Forensic sci Int Genet. 2011;5:79-80. doi:10.1016/j.
fsigen.2010.07.002
23  Molnar a, Zalan a, horvath G, Pamjav h. allele distribution of the 
new european standard set (ess) loci in the hungarian population. 
Forensic sci Int Genet. 2011;5:555-6. Medline:20605124 
doi:10.1016/j.fsigen.2010.06.002
24  Parys-Proszek a, Kupiec T, Wolanska-nowak P, Branicki W. Genetic 
variation of 15 autosomal sTr loci in a population sample from 
Poland. leg Med. 2010;12:246-8. Medline:20624686 doi:10.1016/j.
legalmed.2010.05.002
25  Poetsch M, ergin Z, Bayer K, el-Mostaqim d, rokotomavo n, 23 Zupanič Pajnič et al: Nuclear DNA typing of the World War II skeletal remains using three new autosomal STR amplification kits
www.cmj.hr
Browne enl, et al. The new PowerPlex® esX 17 and esI17 kits in 
paternity and maternity analyses involving people from africa-
including allele frequencies for three african populations. Int J 
legal Med. 2010;125:149-54. Medline:20827485 doi:10.1007/
s00414-010-0502-0
26  Budowle B, Ge J, Chakraborty r, eisenberg aJ, Green r, Mulero J, 
et al. Population genetic analyses of the nGM sTr loci. Int J legal 
Med. 2010;125:101-9. Medline:20878415 doi:10.1007/s00414-010-
0516-7
27  Tucker VC, hopwood aJ, sprecher CJ, Mclaren rs, rabbach 
dr, ensenberger MG, et al. developmental validation of the 
PowerPlex® esI 16 and PowerPlex® esI 17 systems: sTr multiplex 
for the new european standard. Forensic sci Int Genet. 2011;5:436-
48. Medline:21071297 doi:10.1016/j.fsigen.2010.09.004
28  albinsson l, noren l, hedell r. swedish population data and 
concordance for the kits PowerPlex® esX 16 system, PowerPlex® 
esI 16 system, ampFlsTr® nGMTM, ampFlsTr® sGMTM Plus 
and Investigator essplex. Forensic sci Int Genet. 2011;5:e89-92. 
Medline:21185799 doi:10.1016/j.fsigen.2010.11.005
29  sprecher CJ, Mclaren rs, rabbach d, Krenke B, ensenberger MG, 
Fulmer PM, et al. PowerPlex® esX and esI systems: a suite of new 
sTr systems designed to meet the changing needs of the dna-
typing community. Forensic sci International Genet suppl ser. 
2009;2:2-4. doi:10.1016/j.fsigss.2009.08.058
30  Poetsch M, Bayer K, ergin Z, Milbrath M, schwark T, von Wurmb-
schwark n. First experiences using the new PowerPlex® esX 17 
and esI17 kits in casework analysis and allele frequencies for two 
different regions in Germany. Int J legal Med. 2011;125:733-9. 
Medline:20567841 doi:10.1007/s00414-010-0480-2
31  Ferenc M. Topography of documented mass graves. In: dežman J, 
editor. The report from the Commission on Concealed Mass Graves 
in slovenia 2005-2008 [in slovenian]. ljubljana: družina; 2008. p. 
7-27.
32  alonso a, andelinović Š, Martin P. dna typing from skeletal 
remains: evaluation of multiplex and megaplex sTr systems 
on dna isolated from bone and teeth samples. Croat Med J. 
2001;42:260-6. Medline:11387635
33  Kemp BM, smith dG. use of bleach to eliminate contaminating 
dna from the surface of bones and teeth. Forensic sci 
Int. 2005;154:53-61. Medline:16182949 doi:10.1016/j.
forsciint.2004.11.017
34  Kalmar T, Bachrati CZ, Marcsik a, rasko I. a simple and efficient 
method for PCr amplifiable dna extraction from ancient bones. 
nucleic acids res. 2000;28:e67. Medline:10871390 doi:10.1093/
nar/28.12.e67
35  davoren J, Vanek d, Konjhodzić r, Crews J, huffine e, Parsons TJ. 
highly effective dna extraction method for nuclear short tandem 
repeat testing of skeletal remains from mass graves. Croat Med J. 
2007;48:478-85. Medline:17696302
36  Tamariz J, Voynarovska K, Prinz M, Caragine T. The application of 
ultraviolet irradiation to exogenous sources of dna in plasticware 
and water for the amplification of low copy number dna. J 
Forensic sci. 2006;51:790-4. Medline:16882220 doi:10.1111/j.1556-
4029.2006.00172.x
37  shaw K, sesardić I, Bristol n, ames C, dagnall K, ellis C, et 
al. Comparison of the effects of sterilisation techniques on 
subsequent dna profiling. Int J legal Med. 2008;122:29-33. 
Medline:17318649 doi:10.1007/s00414-007-0159-5
38  Graham eaM. dna reviews: ancient dna. Forensic sci Med Pathol. 
2007;3:221-5. doi:10.1007/s12024-007-9009-5
39  Zupanič Pajnič I. highly efficient dna extraction method from 
skeletal remains [in slovenian]. Zdrav Vestn. 2011;80:171-81.
40  Qiagen Companies. eZ1 dna handbook. Vienna: Qiagen 
Companies; 2004.
41  applied Biosystems. QuantifilerTM human dna quantification kit 
user guide. Foster City (Ca): applied Biosystems; 2003.
42  Promega Corporation. PowerPlex® esX 17 system technical 
manual. Madison (WI): Promega Corporation; 2009.
43  applied Biosystems. ampFlsTr® nGMTM PCr amplification kit user 
guide. Foster City (Ca): 2009.
44  Qiagen Companies. Investigator essplex handbook. Vienna: 
Qiagen Companies; 2010.
45  lindahl T. Instability and decay of the primary structure of dna. 
nature. 1993;362:709-15. Medline:8469282 doi:10.1038/362709a0
46  smith CI, Chamberlain aT, riley Ms, stringer C, Collins MJ. The 
thermal history of human fossils and the likelihood of successful 
dna amplification. hum evol. 2003;45:203-17. Medline:14580590 
doi:10.1016/s0047-2484(03)00106-4
47  Miloš a, selmanovic a, smajlovic l, huel rlM, Katzmarzyk C, 
rizvic a, et al. success rates of nuclear short tandem repeat typing 
from different skeletal elements. Croat Med J. 2007;48:486-93. 
Medline:17696303
48  Misner lM, halvorson aC, dreier Jl, ubelaker dh, Foran dr. 
The correlation between skeletal weathering and dna quality 
and quantity. J Forensic sci. 2009;54:822-8. Medline:19368622 
doi:10.1111/j.1556-4029.2009.01043.x
49  edson sM, ross JP, Coble Md, Parsons TJ, Barritt sM. naming the 
dead – confronting the realities of rapid identification of degraded 
skeletal remains. Forensic science review. 2004;16:64-89.